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NONPARAMETRIC RANKING AND SELECTION PROCEDURES 
This  r e p o r t  summarizes research performed under Grant No. 36-008-040 
Supplement 2 of NASA. The ob jec t ive  of t h i s  gran t  is  research and develop- 
ment of nonparametric methodology i n  t h e  r e l a t i v e l y  
ranking and s e l e c t i o n  procedures e 
new area of s ta t i s t ica l  
Several problems have been s tud ied  and a couple of papers wr i t t en .  
The t echn ica l  d i scuss ion  of these  follows. 
A c r i t i ca l  a n a l y s i s  of c e r t a i n  multiple-decision procedures based 
on rank sums has  been ca r r i ed  ou t ;  t hese  procedures have been proposed f o r  
analyzing d a t a  i n  a one-way layout: 
i-l’... ,k, j=l,. .. ,n,  
i j  ’ x = e i + &  13 
where the  e r r o r s  { E  
d i s t r i b u t i o n  func t ion  (cdf) F and where 2 = (el,.  . . ,e ) is unknown. 
problems are considered : 
1 are independent, have t h e  same known cumulative 
i j  
Two k 
1. S e l e c t  t h e  ind ices  of t h e  t l a r g e s t  8-values. 
11. 
I n  problem I the  experimenter sets a preassigned sepa ra t ion  threshold 
S e l e c t  a subse t  containing t h e  index of t h e  l a r g e s t  &value. 
(s* > 0 and preassigned p r o b a b i l i t y  threshold P*< 1 and requ i r e s  t h a t  t he  
procedure h e  uses have the  property t h a t  t he  p r o b a b i l i t y  of a co r rec t  sel- 
ec t ion  is no t  smaller than P* whenever t h e  t l a r g e s t  8-values are a t  
least 6* l a r g e r  than t h e  rest of t he  €+values, This problem might arise 
i f  t h e r e  were k d i f f e r e n t  batches of c e r t a i n  appliances a v a i l a b l e  f o r  use 
and one wanted t o  s e l e c t  t h e  t b e s t  batches. I n  problem I1 t he  experi- 
menter sets only the  P* value and r equ i r e s  t h a t ,  with p r o b a b i l i t y  no 
smaller than P*, t he  se l ec t ed  subse t  conta ins  t h e  index of t h e  l a r g e s t  
-1- 
6-value. 
varieties of a c e r t a i n  instrument; one would want t o  reduce the  number of ;  
This  problem might arise i n  t h e  f i r s t  s t a g e  of screening d i f f e r e n t  
varieties of t h e  instrument which are t o  be submitted t o  f u r t h e r  tests but  
a t  t h e  same t i m e  be  reasonably s u r e  of no t  e l imina t ing  any v a r i e t y  which has 
g r e a t  p o t e n t i a l i t y  as t o  its e f f ec t iveness .  Bart le t t  and Govindarjulu (19681, 
Lehmann (1963), P u r i  and P u r i  (1968, 1969) and Woodworth (1965) have advanced 
c e r t a i n  procedures as so lu t ions  t o  problems I and 11. I n  t h i s  paper w e  exa- 
mine these  procedures and show by means of s p e c i f i c  examples t h a t  t hese  
procedures are in f a c t  not so lu t ions  and should be  used wi th  g r e a t  caution i f  
they are used a t  a l l .  
p r i n c i p a l  i n v e s t i g a t o r  (supervisor) and a co-author , e n t i t l e d  "Selection 
These r e s u l t s  are repor ted  i n  a paper, w r i t t e n  by t h e  
procedures based on ranks: counter-examples concerning least favorable  con- 
f igu ra t ions" ,  which is scheduled t o  b e  published i n  t h e  December, 1970 i s s u e  
of the Annals - of Mathematical Stat is t ics .  Five p r e p r i n t s  of t h i s  paper have 
a l ready  been t ransmi t ted  to NASA and t h e  r e p r i n t s  w i l l  be forwarded a t  t h e  
t i m e  they  are received from t h e  publ i shers .  
A s e l e c t i o n  procedure fo r -  ranking s e v e r a l  m u l t i v a r i a t e  normal populations 
with mean v e c t o r s  pi and covariance matrf.ces Ii i n  terms of the  Mahalanobis 
d i s t ances  was earlier considered by K, Alam and M. H. Rizvi 
i n  "Se lec t ion  from m u l t i v a r i a t e  normal populations," Annals - I n s t .  - S t a t .  - * 9  Math 
Vol. 18 (1966) pp. 307-318. This procedure, based on the  n a t u r a l  ordering 
of t h e  non-central chi-squared o r  non-central F random v a r i a b l e s ,  has now been 
a d q t e d  for  t h e  optimal s ezec t ion  of automation systems. 
r a t h e r  complex numer i ca l sdo t ions  of t h e  involved i n t e g r a l  equations have a l s o  
Tables based on 
been prepared. These r e s u l t s  and the  t a b l e s  are given i n  a paper, w r i t t e n  by 
t h e  p r i n c i p a l  i n v e s t i g a t o r ,  e n t i t l e d  "Optimal s e l e c t i o n  of automation systems 
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under m u l t i v a r i a t e  normal model”. The paper is being submitted f o r  publi-  
ca t ion  at t h i s  t i m e ,  P rep r in t s  of t h i s  paper w i l l  soon be  transmitteG t o  
NASA. 
Some pre l iminary  d i s t r i b b t i o n - f r e e  r e s u l t s  have been obtained f o r  rank- 
ing components of t h e  v e c t o r  parameter of M-ordered d e n s i t i e s  b u t  the  
dec is ion- theore t ic  p rope r t i e s  of t he  procedure f o r  ranking these  d e n s i t i e s  
r equ i r e  f u r t h e r  i nves t iga t ion .  The problem of cons t ruc t ing  d i s t r ibu t ion - f r ee  
confidence i n t e r v a l s  f o r  an ordered parameter i s  a l s o  under study a t  t h e  pre- 
sent t i m e .  The development of a coherent theory f o r  combining I; i n t o  a 
single formulation t h e  requirements of a confidence i n t e r v a l  fo r  a c e r t a i n  
ordered parametor and t h e  simultaneous s e l e c t i o n  of a l l  populations having 
parameters equa l  o r  l a r g e r  than t h i s  ordered parameter is envisaged under 
a follow-on grant .  
made t o  t h e  e x i s t i n g  methodology of t h e  s ta t is t ical  multiple-decision pro- 
cedures. 
It is  hoped t h a t  a s u b s t a n t i a l  cont r ibu t ion  can then be 
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